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introduction 

The  Air  Force  Uriqht  Aeronautical  Laboratories  Materials  Laboratory  is 
currently  conducting  research  to  develop  semiconductor  materials  for  use  in  advanced 
infrared  detector  systems  and  improved  electronic  devices.  An  important  part  of 
this  research  is  the  characterization  of  the  electrical  and  optical  properties  of 
various  semiconducting  materials,  in  particular  silicon  and  gallium  arsenide.  One 
of  the  optical  characterization  techniques  used  is  low  temperature  Fourier  Transform 
Infrared  ( FTTR)  absorption  spectroscopy.  The  low  temperature  absorption  of  infrared 
radiation  by  impurities  or  dopants  in  these  semiconducting  materials  produces  a 
unique  excitation  spectrum  (References  1,?).  This  excitation  spectrum  is  used  to 
identify  what  impurities  are  present  in  the  material  and  t.o  measure  the 
concentration  of  these  impurities.  It  is  these  impurities  which  ultimately 
determine  the  operating  limitations  of  an  infrared  detector  or  electronic  device. 

A  typical  absorption  spectrum  resulting  from  a  shallow  acceptor  impurity  in 
extrinsic  silicon  is  shown  in  Fiq.  1.  The  series  of  10  or  more  peaks  is  due  to  the 
photoexcitat ion  of  the  allowed  electronic  transitions  associated  with  an  acceptor 
atom  in  silicon  (Reference  31.  The  spectral  position  of  these  peaks  identifies  the 
particular  impurity.  To  determine  the  impurity  concentration  the  peak  area  of  one 
nf  the  st.ronc  excitation  peaks  is  used  (References  A, 5).  Comp! ications  arise  in 
accuratplv  determinino  fhe  impurity  concentration  when  the  absorption  sample 
measured  is  less  than  !-mm  thick.  For  thin  absorption  samples  optical  channel ino 
effects  are  superimposed  on  the  excitation  spectra  as  shown  in  Fiq.  ?.  This  effect 
distorts  the  calculated  peak  areas.  Optical  channeling  is  produced  by  the  coherent 
(i.e.,  inph  ase)  multiple  internal  reflections  from  the  plane-parallel  faces  of  an 
optically  thin,  double-side  polished  wafer. 

One  method  for  reduring  optical  channel ina  is  to  have  the  sample  polished  to  a 
wedge  shape  so  that  the  front  and  back  surfaces  arp  no  longer  parallel.  However, 
since  the  samples  are  thin  the  Hpqroe  of  wedqinci  is  limited  and  therefore  does  not 
completely  eliminate  the  channelinq  effpcts.  An  alternative  method  is  to  eliminate 
the  channeling  from  the  recorded  data  through  computer  model inq.  To  implement  this 
method  a  theoretical  mode1  for  coherent  scattering  effects,  or  optical  channeling 
had  to  hr  developed.  The  theoretical  model  developed  in  this  report,  was  based  on 
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finding  a  mathematical  expression  tor  coherent,  scatterinq  effects  and  then 
determininq  how  to  combine  this  formula  and  the  analoqous  incoherent  scatter1' pq 
formula  to  best  transform  the  actual  spectral  data. 
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TiiroiiY 

Tn  absorption  spectroscopy  the  intensity  of  the  transmitted  radiation  (T)  is 
proport i one 1  to  the  intensity  of  the  incident  radiation  (T^l.  Tor  a  sample  of 
thickness  d,  the  relationship  between  the  incident  and  transmitted  intensities  is 
niven  bv 


T  r 


m 


where  a  is  the  absorption  coefficient.  The  absorption  coefficient  is  defined  as  the 
relative  rate  of  decrease  in  tight  intensity  alone  its  propaqation  path.  Foliation  1 
does  not  take  into  account  the  multiple  internal  reflections  that  can  occur  in  some 
samples.  The  equation  for  trarsmi ttance  (T)  in  the  presence  of  these  reflections  is 
niven  bv 


T  (1-R)?e‘ad 

T  =  --  =  - 

To  i_R?P“°ad  r?i 

where  R  is  the  reflectivity  nf  the  sample  interfaces  (Rpfprpnce  b).  This  equation 
a<  siimes  that  t  he  reflected  tioht  was  incoherently  scattered  from  the  sample 
interfaces.  Tn  practice,  this  equation  is  solved  for  the  absorption  coefficient 
since,  according  to  Roer's  law,  it  is  proportional  to  the  concentration  of  absorbing 
(enters  in  thp  material.  The  solution  for  the  absorption  coefficient  expressed  in 
terms  o<  d,  R,  and  T  is 


1 

(I 


1  n 


?tr9 


f  n~Rl4+4T  Vl1 


(3) 


To  determine  the  impurity  mncentration  in  a  semiconducting  material  the 
transmittance  of  thp  material  is  measured  versus  wavelength.  The  absorption 
coefficient  is  calculated  using  this  transmittance  data,  along  with  values  for  the 
reflectivity  and  sample  thickness.  The  peak  area  of  a  strong  impurity  excitation 
line  is  then  calculated  from  the  absorption  coefficient  spectrum.  This  peak  area 
multiplied  by  a  calibration  factor  gives  the  impurity  concentration  (Reference  M. 
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The  ahovp  procedure  works  well  when  no  optical  channel i no  occurs.  The 
transmittance  equation  assumes  that  the  reflected  liqht  is  incoherent ly  scattered 
from  ♦'he  sample  interfaces.  Rut  when  the  liqht  is  coherently  f nattered,  as  it  is  in 
thin  samples  with  parallel  faces,  this  transmittance  equation  is  no  longer  accurate. 
Exact  equations  for  the  transmittance  in  Mio  presence  of  only  coherent  scattering 
can  he  found  in  textbooks  hv  both  Heavens  (Reference  and  Horn  and  Hnlre 
(Rpfpr'p nee  P, ) .  The  transmittance  equation  qiven  bv  Heavens  is 

ir  ?  -ad 
lfin^n^n  p 

T  = - — 

A+Rp~'?a<^+.'’p-a^  (Ceos ( 4tmd  Ol+Psi  n( 4nnd/A 1]  (41 


99  09 

where  A  =  T (n+n^v  +k  1[ (n+n^ Y  +k  "4 


R  -  T(n-nnl  +k' ;f(n-n^ V +k  j 


0  0  0  0  9  0  o 

■  (n  -Op  +k  1 ( n  -n^  +k  l+4k  n^n^ 


D  =  ?kn^  (nr -rip  +k‘  )+?knp(n  -n^'+k'l 


and  np  is  the  index  of  refraction  of  the  first  medium,  n^  is  the  indev  pc  refraction 
of  the  third  medium,  n-ik  is  the  index  ox  thp  sample,  and  X  is  the  wavelenqt.h.  Roth 
limitinq  cases,  completely  coherent  and  completelv  jncnherrrt  scatterinq,  can  be 
represented  bv  the  simple  multiple-scatt.erinq  rav  dianram  of  Hq.  3.  E nr  the 
completely  coherent  case  (i.e.,  the  sample  has  perfectly  plane-parallel  sides  and  is 
homoqeneous  on  a  scale  equal  to  the  incident  wavelength!  the  electric  field  vector 
is  partially  reflected  and  partially  transmitted  at  each  interface.  Tor  the 
completely  incoherent  case  (i.e.,  the  sample  has  rouqh  nr  nonparallel  sides  and 
internal  imperfections  on  a  scale  equal  to  the  wavelenqt.h)  the  incident  intensity 
may  be  considered  partially  reflected  .tnd  transmitted  at  the  interfaros.  Tn  either 
case,  linear  absorption  in  the  sample  is  included  bv  rensiderinq  the  wavenumber  in 
the  sample  to  be  a  complex  quantity,  '’n(n-i t  1  /  \ .  The  absorption  ce efficient  is  then 
qiven  bv 

a  -  -?  Tm  ( 0  n(  n  -  i  k  1  /  \ !  --  Auk/ A  --  °ak  (R) 
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Figure  3.  Mui tipie-scatterinq  Rav  Piaqram  for  the  Transversal  of  Light 
Thrcuah  a  Plane-parallel  Honogeneous  S 1  a h  oF  thickness  d. 


where  0  is  the  wavenumber  in  air. 


An  exact  inversion  of  equation  n  to  solve  ror  the  absorption  coeffir ient ,  for 
completely  coherent  scatterina,  proves  to  be  impossible  since  it  is  a  transcendental 
equation.  A  paper  bv  Manifacier,  Gasiot  and  F  ilia rd  (Reference  0 1  suoqests  several 
approximations  which  will  allow  the  formula  to  be  inverted.  The  approximations  used 
are 


O  O 

k  <<  ( n-n^ ) '  , 

2  ? 

k  «  Fn-n,  )'  , 

o 

k‘  -  <  f  n-nnl (n-n^ ) 


rx  O  r,  p  p 

and  4k' n^n^  ■  fn  -n^‘ ) (n  -n^  1  . 
The  transmittance  equation  then  simplifies  to 


T  = 


?  -ad 
lon^n^n  e 


C^+Cj,'  e  'fl^+2C^Cpe  '^cns Mirnd/X  1 


v/herp  C,  =  f  n+nn)  fn+n^  1 


f  f'!\  1 


( bb  1 
(be) 
(Ml 


(7) 


and  Co  =  (u-nnl < n^-nl . 


This  eouation  is  then  inverted  to  obtain  an  expression  for  the  absorption 
coefficient  in  the  presence  of  coherent  scattering.  The  result  is 


1  n 


2C0'T 


9  *?  5  !5  T7?  *  ~  o 

'  '  -4Co  c,  r  V'  -(':C,CoTcosO  -1bn  n  rf  1 


(8) 


[f?CiroTrose  -16n  n, n  )  v,..  »  «  —  \  i.ioam.w.iv  -  «-m  •  - » 

*■  1  /  n  I  ?  J  \  Z  n  1 

w  — 

where  9  =  (4jind/Al.  This  equation  was  used  fnr  the  computer  model inq  of  optical 
channel inq  effects . 


For  Group  III  acceptors  in  silicon,  conditions  (6a'-(fidl  are  well  satisfied  for 

1  fi  3 

roncentrations  of  thp  order  of  10  atoms/rm  or  less.  Taking  n^  '  n-|  ‘  1  ^d  n  ~ 
3.4  1  the  refractive  index  of  air  and  silicon  respectively!,  conditions  (f>a)-(h<l 
reduce  to  k  /518<  1,  while  condition  ( f, d)  becomes  k  /?0  1 .  The  relevant  wavenumber 
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range  i<;  from  POO  ri'i  1  to  about  1  °00  rn  1  in  our  rase,  and  the  absorption 

(  no*  f  irient  seldom  exceeds  '*00  rpi  1  even  tor  I  (to  strnnoost  peaks  (Petprenro  ’O',  so 

l-  ,,/•>{;  f> .  r,n  ,t.Ki  kV>in  Axto-0  ••  i. 

1  n  t hr*  <  as<  of  oal'inm  arsenide,  conditions  ^bal-ffid)  are  a^so  well  satisfied 

for  tbe  spectral  reoions  considered  in  this  ropnrt.  Takinq  n  =  3.6?,  +  he  condition 
t<  he  satisfied  f  s  k '  /f> . 06-  •-  1 .  The  maximum  absorption  occurs  a*  v  t  440  cm"  ,  where 
a  =  27  cm"1  (Figure  15),  so  k  =  0.0307  and  k2/6.86  =  1.4xl0-4. 
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r. r P|  ifAT'n*1  nr  mi  moiui  T-n  tpfai  j/rn  data 

To  test  the  useful  mss  n4  4he  absorpt  inn  rnr  4 '  i  r  ion  I  equa4ion  P  der  i  md  in 

section  M,  tWo  sets  of  ideali/ed  tranM'iittanm  data  woro  developed.  P-oHi  cets  were 

obtained  usino  eopatinn  A  to  calculate  trarsni  t  tango  in  the  pmserre  o4  rnhorni* 

_i  _i 

scattering  for  the  wavelength  range  '>♦  170  n»  to  100  rp  and  ,i  sample  thickness 
of  P.ob  cm.  In  the  first,  data  s of  a  con^tarii  absorption  ron^irirnt  of  °  cm  ^  war 
used  for  tho  calculation.  In  tho  second  data  spI  a  !.orent;>->en  peat  was  eiiperinpn'  <  d 
nr,  thp  constant  absorption  coeff  i  r  ient  .  Tho  lorent/ian  peak  shape  cnrr  os;  ended  t  o 
lino  ?  pf  thp  oxcitod  state  spectrum  of  ind  i urn- doped  si  lirep,  ass  wine  a 
concentration  of  about.  7  x  ifl^'  atons/rn\ 

Thp  first  spt  of  idealized  transmittance  was  transformed  to  absorption 
coefficient  usino  both  pquations  .1  and  0.  Note  that  equation  1  is  thp  pro  nirroriMv 
hpinq  used  in  thp  laboratory  to  calculate  absorption  coefficient  From  tho 
experimental  1 y  measured  transnittanco.  T inure  A  shows  the  absorption  ronft  i(  loots 
calculated  usinq  pquation  P,  am  murh  no  re  arrurafo  in  the  presence  nf  rr^rrent 
scattering  than  those  calculated  usino  equation  1.  However,  the  absorption 
rnptf ipients  deternined  hv  equation  P  am  not  quite  tho  rnnstant  value  nr  f  rn 
that  was  assumed  in  generating  the  idea1  transmittance  data,  "hen  tho  absorption 
coefficient  scale  is  expanded,  as  in  Fin.  f>,  small  oscillations  ahout  this  constant 
value  are  apparent.  These  oscillations  evidently  arise  From  the  approximations  used 
in  obtaining  equation  P,  hut  are  neqliqihlr  compared  to  the  noise  normally  present 
in  experimental  data. 

To  see  the  effects  of  these  calculations  on  sppctral  1 ’ ne  shapes,  the  second 
set  of  ideal  transmittance  data  was  transformed  usinq  hot.h  equations.  The 
absorption  coefficient  calculated  for  a  to rent? i an  peak  usinq  equation  1  is  shown  in 
Fid.  fi.  The  qraph  shows  both  the  qiven  absorption  coefficient  and  the  calrul<ited 
abserp+ion  coefficient.  He  can  see  that  the  calculated  values  nse ■plate  about  t tic- 
qiven  values  and  follow  the  lorent/ian  shape  only  in  a  general  wav.  Tirum  7  shows 
the  absorption  coetfjc.ient  calcinated  for  the  second  ideal  data  set  usino  equation 
H.  Again,  this  graph  shows  both  the  given  and  calculated  values  for  the  absorption 
coefficient.  This  time  the  transformation  is  so  close  to  the  given  da4a  that  the 
two  curves  appear  identical,  based  on  these  tests  equation  P  app<  ■'  '-d  to  he  ouitt 
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Equation  3 
Equation  8 
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Fiqure  4.  Comparison  of  the  Trans forma* ion  of  Constant  Absorption 

j r ipr.t  Pata  by  Equation  3  ( incoherent  Scattering  ~aod  hv 
Equation  ft  ffnhprent  Scattering) . 


801.10 
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o  Equation  3 
*  Lorentzian  Peak 
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adequate  for  calculating  accurate  absorption  copff iciont.s  in  the  presence  of  optical 
channeling  due  to  coherent  scattering. 
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'TfTK'N  IV 


APPLirATinN  ok  THE  MOnri  in  AfUA!  DATA 

The  next  step  was  to  apply  thp  re, hornet  scattering  absorption  coot  f  in  ient 
calculation  to  actual  transm i  ftance  data  taker  in  the  laboratory  to  itVP  jf  the 
optical  channel  i rq  efforts  could  he  removed.  A  transmittance  spectrum  was  digitized 
and  used  as  data  for  the  absorption  coefficient  cal  cul  at  inn1; .  First  »he  incoherent 
scattering  equation  (Eq.  3)  was  used  to  calculate  a  +vpical  absorption  coefficient 
spectrum.  This  spectrum  showed  the  effects  of  rptical  rhernelinq  .■<;  expected,  flryt 
thp  coherent  scattering  equation  (Eg.  It)  was  applied  to  ffc  oat  a.  Tho  period  and 
phase  of  the  eouation  had  to  he  adjusted  to  fit  the  period  nrid  phaco  o4  fhr 
transmi t.tance  data.  The  resulting  absorption  coefficurt  spectrum  was  not  very 
qoed.  The  spectrum  still  had  oscillations  superimposed  . .n  Mir-  background  and  there 
were  oven  some  negative  values.  This  poor  result  for  the  coherent  scattering 
equation  is  prohablv  because  the  sample  did  not  have  perfectly  parallel,  flat  tides 
and  thus  did  not  exhibit,  perfectly  coherent  scattering. 

A  comparison  of  tpP  spectrum  obtained  from  the  coherent  and  incoherent 
sce*‘erinq  calculations  showed  that  the  two  spectra  oscillate  out  nf  phase  about  a 
constant  valun.  Since  the  oscillations  were  nut  of  phase,  it  seeped  possible  that  a 
combination  of  the  two  scatterinq  mechanisms  would  more  nearly  approximate  a 
constant.  The  physical  .justification  for  this  would  b p  that  while  a  sample  does  not 
exhibit  perfectly  coherent  scattering  it  also  is  not  perfectly  incoherent  scattering 
either.  The  sample  would  prohablv  exhibit  both  effects  depending  upon  how  parallel 
and  flat  the  faces  are.  To  combine  the  two  scattering  mechanisms,  a  linear 
combination  of  the  two  previous  absorption  coefficient  equations  was  used.  The  new 
equation  is  given  hw 


a  F.;l  r  x  A. (id)  +  1 1 -x  1  Pfial  1°) 

where  A  is  the  coherent  scattering  absorption  coefficient,  P  ,r.  'ho  incoherent 
scattering  absorption  coefficient  and  ■'*.  is  the  wavenumber  Icri'^l.  The  value  nf  x 
reuld  he  varied  to  determine  what  percentage  of  coherent  and  incoherent  scattering 
would  produce  a  nearly  constant  absorption  coefficient.  Visual  inspec'mn  of  the 
roheren*  and  incoherent  scattering  spectra  gave  an  estimate  n<  33'  ior  v.  He  see 
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t  hat,  in  Fin.  P,  this  value  For  x  results  in  an  absorption  coefficient  spectrum  that 
show  less  ncrillition  than  the  two  previous  calculations. 

The  new  linearized  absorption  coefficient  calculation  worked  well  over  a 
limited  rani|e  but  progress ive ly  worsened  over  an  extended  range  of  wavenumbers.  I.'e 
rlearly  sen  *hic  in  Fin.  d  where  the  range  of  data  is  largpr  than  for  Fia.  P.  The 
f  ause  nr  the  dpteri oraf  i nri  is  the  change  in  the  period  of  the  channeling 
oscillations  ac  the  wavenumhe*’  changes.  Theoretically  the  period  n*  the 
oscillations  should  change  and  these  changes  ran  he  predicted.  However,  the 
♦  heoretical  [red i ct i oric  do  not  match  precisely  the  period  on  the  experimental  data. 
To  deal  with  this  prohlen,  the  computer  program  for  absorption  coefficient  was 
revised .  The  revised  program  continually  determined  the  period  in  the  transmi t.tance 
data  bv  comparing  data  points  to  find  successive  maxima.  The  program  then  used  this 
period  in  the  equation  to  transform  the  transmi t tance  data  to  absorption 
inefficient.  Comparing  (  ig.  10  to  Fig.  11  shows  that  continually  readjusting  the 
period  results  in  an  absorption  coefficient  that  is  more  constant.  Fiqure  1?  shows 
how  this  revised  program  works  well  oyer  a  larger  range. 

The  next  improvement  to  the  program  was  to  eliminate  the  need  to  determine  the 
weighting  factor  'y)  hv  visual  inspection.  The  program  was  revised  t0  compare  the 
magnitude  of  the  oscillations  in  the  absorption  coefficient,  calculated  bv  the 
coherent  scattering  equation  to  Ihose  calculated  by  the  incoherent  scattering 
equation.  The  weighting  *>rtnr  was  determined  bv  averaging  over  all  such 
oscillations.  To  minimize  the  chance  that,  the  program  would  interpret  a  spectral 
peak  as  one  nf  those  spurious  oscillations,  the  standard  deviation  o f  thp  average 
was  determined.  Then  .i  new  average  was  computed  using  onlv  thosp  magnitudes  within 
erie  standard  deviation.  The  weighting  factor  determined  hv  this  method  was 
surprisingly  close  to  the  one  determined  by  visual  inspection.  For  example,  for  the 
sample  shown  in  Fig.  P  through  !?  the  visual  estimate  was  33T.  The  weighting  factor 
determined  hv  computer  averaninq  the  size  of  thr  oscillations  was  3F<V  and  by  usina 
only  those  values  within  one  standard  deviation  was  Ph*.  The  results  were  similarly 
close  for  other  samples.  Figure  1?  shows  that  the  qeneral  shape  and  location  of 
spectral  peaks  remains  unchanged  by  this  method.  While  t.he  weiohtinq  factor  did  not 
vary  significantly  over  the  range  of  wavenumbers  investigated,  it  did  vary 
considerably  fron  sample  to  sample.  The  minimum  value  was  P1*  and  the  maximum  was 
TIT. 
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SrCTMM  V 


compar r son  nr  Tur  moofi  to  othfr  mfthops 

Jr  addition  to  t hr*  commiter  program  developed  in  this  report ,  them  am  +wo 
inrt.ran  programs  /Reference  11'  included  in  the  spectrometer 1  s  software  that  am 
designed  te  eliminate  channel ’no  from  the  spectral  data.  Unlike  our  program,  thpse 
programs  modify  thP  interfprroram,  before  it  is  fourier  transformed  into  a  spectrum, 
to  eliminate  channeling,  these  programs  are  based  on  the  assumption  that  channeling 
will  appear  in  the  wings  of  the  interferogram  as  a  alitch  and  therefore  can  be 
easilv  edited  from  the  data.  (See  Figs.  1.1  and  14.1  To  compare  these  different 
methods,  one  particularly  c*rnng  channeling  sample  was  analyzed  bv  all  three 
programs . 

first  the  transmittance  data  war  analyzed  with  the  computer  program  developed 
in  this  report.  The  results  am  shown  in  Fin.  1*1.  Thp  absorption  coefficient 
spectra  obtained  hy  using  both  the  incoherent  and  the  coherent  scattering  equations 
are  shown  as  well  as  the  result  obtained  by  using  a  linear  combination  of  7 It 
coherent  and  ?9 ">  incoherent  scattering.  The  linear  combination  method  provides  a 
significant,  improvement  in  the  spectrum.  Next  a  proqram  called  FRINGELIM  was 
tested.  This  program  has  three  ways  to  edit  a  glitch,  di;p  to  channeling,  in  the 
interferooram.  The  glitch  may  he 

i.  replaced  by  a  straight  line  connectino  the  end  points  of  the  rpmainina 

iptf rferogram, 

?.  replaced  bv  another  section  of  the  same  interf program,  or 

1.  replaced  by  the  same  sectior  of  a  reference  interfprngram. 

/'ll  three  of  the  ahove  operations  were  performed  for  each  glitch  identified  in  the 
interferogram.  The  most  significant  qlitch  occurred  between  wavepoints  1150  and 
1000,  as  seen  in  Tigs,  n  and  14.  The  absorption  coefficient  sppetra  obtained  from 
these  modified  interf programs  were  compared  to  a  spectrum  obtained  without  usinq 
FRTNOFLIM  at  all.  The  results  are  seen  in  F^g.  16.  For  the  olitch  between 
wavepoints  13*10  and  1600,  that  was  edited  from  the  interferoqram,  no  improvement  is 
seen.  In  fact  the  channeling,  or  fringing,  is  worse.  The  program  called  STOERURST 
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was  t'isri  tested  t  r>  (,pp  if  it  could  remove  t  hannel  i  rut.  T  n  this  pro<|*,,m,  similar  to 
:H!N^CI,!M,  'here  are  two  option';  tor  edition  ulihhes  in  the  i  nt  or  f  or  r-  r  i  r,nn.  1  hf' 
options  ,)rr 


replace  *h,.  'option  with  tho  nli*rh  t>y  data  points  all  equal  tn  ?ern,  nr 
rpplflrr  *■'!.'  section  by  .mother  sort  ion  n»  the  same  interh*rnqrais. 

f"nr  rompa ri son ,  the  sane  qlitph  th.it  w’c  edited  by  hRINfit-'LfM  wac  rhnson  ror 
ppiitjno  hr  r>  TnrPI  IPCT  .  Tho  results  tor  S  T  HTPI  'PST  are  shown  m  Pin.  It.  f'noi  .» rjrt  i  r 
thorn  is  no  imprrvempn  t  in  the  spoof  rum.  This  procedure  was  nprnh'd  ho  r,i  her 
ql  itfht'S  a nrl  other  sections  of  tho  int erf program  hut  tin  result'-  were  subs f ;• »- t  ’ a  1 1  v 
the  same.  It  is  still  possible  that  the  STHFRIIPST  anti  rpfNHFI  If1  |rn<irams  t  on  he 
used  to  improve  spectra,  but,  it  requires  knowinn  eyartlv  wtiirh  qlitrh  to  edit. 
’Vternirnnq  which  nlifrh  is  s  i  qn i f i par t  will  take  a  lot  id  pr.irtipn  arid 
experimentation . 
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TCMHN  VI 


rnNri  hsions  mp  Rrmr^rroAT  inns 

nf  the  methods  tnslori  te  eliminate  opt  i r a  1  channeling.  Mm  computer  program 
developed  based  rr,  coherent  sratterino  in  fht>  sample  whs  the  most  success ful .  As 
Fiu.  ]  f.  showed.  tf:is  computer  program  did  s  igni  f  icanf  1  v  reduce  t  ho  chanm  1  ’r;r 
pf‘>rts  op  the  absorption  coeff irippt  spprtrun.  The  nivee  scattering  program 
reduced  +  he  magnitude  of  the  osc  i  1  let  inns  bv  about  a  factor  nf  A.  However,  this 
nrenran  was  only  used  over  spy'll  wavenumber  regions  sri  ils  usefulness  for  an  opt  ire 
cper  trim  (4  ,000  to  ?00  cm  still  nerds  1n  tip  tested,  ‘mall  v/n  vc  number  reclines 
were  used  because  the  transmittance  data  was  digitized  hv  hand  from  recorded 
spectra.  In  order  to  handle  laroe  spectra!  regions  the  t  rpr  sriittanc.e  data  shoiito  Mr 
directly  accessed  from  the  laboratory  computer  data  file1.  This  capability  did  nol 
exist  at  the  time  of  this  work. 

The  spattprinq  proqram  should  also  he  tested  for  a  lamer  variety  <  f  ■-amnles. 

As  noted  above  the  coherent  weiqhtinq  factor  varied  considerably  tor  the  rew  samples 
that  were  used  in  this  study.  The  relationship  between  the  weiqhtinq  factor  and 
physical  properties  of  the  samples  should  he  investigated.  A  weinhtino  'nrtor  study 
could  rpveal  which  sample  properties,  besides  thickness,  arc.  the  most  retire!  to 
control  ir  order  to  reducp  coherent  scattering. 

But  perhaps  the  most,  sicmificarit  step  to  make  at  this  point  ir  to  add  the  mixed 
coherent/incoherent  scattering  proqram  to  the  data  acquisition  system's  analysis 
routine.  At.  present  the  absorption  coefficient  calculation  used  takes  into  account 
only  incoherent,  scattering  within  the  sample.  This  calculation  is  insufficient  for 
thin  samples  with  parallel  faces  that  exhibit  optical  channel ino.  For  these 
samples,  there  shnuld  be  the  option  of  calculating  the  absorption  coefficient 
spectrum  with  the  mixed  coherent/incoherent  scattering  equation.  I' s  this  report  has 
demonstrated,  most  of  the  channeling  effects  ran  he  eliminated  from  the  spectrum 
with  the  use  of  this  conation.  This  step  would  not  he  dilficult  to  implement  since 
a  new  fortran  applications  program  ran  easily  he  added  to  the  data  aermis i t  ion 
system  software. 
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